Background: We evaluated the effectiveness of a policy allowing for the sale of over-the-counter drugs outside of pharmacies by examining its effect on number of monthly outpatient visits for acute upper respiratory infections, dyspepsia, and migraine.
Background
Before November 2012, it was forbidden in the Republic of Korea to sell medicine or medical supplies in places other than pharmacies. This included both prescribed pharmaceuticals and over-the-counter drugs. However, this meant that many people were unable to buy necessary or desired medication at night or during holidays, when pharmacies are closed. The social need for greater access to this medication eventually became too great to ignore, prompting the government to address the issue. As a result, in November 2012, the government implemented an over-the-counter drug policy that permitted the sale of over-the-counter drugs such as cold and digestive medicines, antipyretics, analgesics, and pain relief patches in places outside of the pharmacy [1] .
In the United States of America, the United Kingdom, Germany, and numerous countries, over-the-counter drugs are legally sold in convenience stores and supermarkets [2] . As such, there have been many previous studies focusing on the myriad impacts of these drugs. For instance, Smith and Feldman performed a systematic review of clinical trials of over-the-counter drugs, and found that some over-the-counter drugs, whether on their own or in combination, have positive effects on reducing cold symptoms(i.e., upper respiratory tract infections)in adolescents and adults [3] . In contrast, Schroederand Fahey suggested that over-the-counter cough medicines were ineffective for reducing acute cough in adults [4] . Other than investigating the effectiveness of over-the-counter medications themselves, many studies have focused on the side effects of these drugs, which remain a major concern [5, 6] . Furthermore, children's caregivers may lack sufficient knowledge of the appropriate dosages or types of over-the-counter drugs to utilize them safely [7] , and many studies, including more recent ones, have reported notable rates of drug abuse and adverse effects related to using over-the-counter medications [8] [9] [10] [11] .
Despite the plethora of information on over-the-counter drugs, the actual effects of over-the-counter drug policies on the population remain unknown. Specifically, it remains unclear whether being able to access over-thecounter drugs at places outside the pharmacy has reduced medical service use and the number of outpatients for conditions such as acute upper respiratory infections; this effect is particularly difficult to evaluate because the sale of over-the-counter drugs at places outside the pharmacy has already been unregulated long ago in many countries [12] .
Given this lack of information on the effectiveness of over-the-counter drug policies, we sought to evaluate the effectiveness of the policy implemented in the Republic of Korea in 2012 for reducing the number of outpatient visits for acute upper respiratory infections, dyspepsia, and migraine by comparing these numbers before and after its implementation.
Methods
We used medical claims data extracted from the Korean National Health Insurance Cohort Database from 2009 to 2013. The Korean National Health Insurance Cohort Database comprises a nationally representative sample of claims-about 2% of the entire population-obtained from the medical record data held by the Korean National Health Insurance Corporation (which has data on the entire nation) [13] . The specific data used included details of each patient's utilization of healthcare. We handled each patient's medical record data by month in order to analyze patients' trends over time. Overall, the analysis included 26,284,706 person-months from 1,042,728 individuals. This study was approved by the institutional review board at Yonsei University Graduate School of Public Health (2014-239). Because patients' information was anonymized before the analysis, we did not require the informed consent of participants.
Design
We used an interrupted time-series analysis to evaluate the trends over time in monthly outpatient visits in the Republic of Korea for the above three conditions [14] [15] [16] . Interrupted time-series is appropriate for investigation of intervention and it's longitudinal effects over time. Our data composed by a series of measurements over time interrupted by an intervention. We performed segmented linear regression model with individual-level data which includes segments of preintervention and post-intervention [17, 18] .
Our main intervention is implementation of the policy permitting the sale of over-the-counter drug sat places outside the pharmacy.
Outcome measures
Over-the-counter drug policy that permitted the sale of over-the-counter drugs was mainly about cold and digestive medicines, antipyretics. Therefore, outcome measures included the number of outpatient visits per month for complaints of acute upper respiratory infections, dyspepsia, and migraine which is target disease of permitted drugs. The following codes from the International Statistical Classification of Diseases and Related Health Problems, 10th Revision, were used to identify outpatient visits for these conditions: acute upper respiratory infections (J00 to J06), dyspepsia(K30,F45.3, and R12), and migraine(G43 and G44).
Independent variables
The intervention variable was the implementation of the policy permitting the sale of over-the-counter drugs at places outside the pharmacy. Thus, an "intervention" effect refers to a prompt change in the number of monthly outpatient visits just after implementation of the overthe-counter drug policy in November 2012. The "trend before policy" refers to the trend in monthly outpatient visits before the implementation of the over-the-counter drug policy, while the "trend after policy" refers to the trend in monthly outpatient visits after implementation of the policy.
For covariates, we assessed the general characteristics of sex, age (20-40 years, 40-60 years, 60-80 years, or >80 years), type of insurance (employee insurance, selfemployed insurance, or Medicaid), income (four quartiles), region (urban or rural), and type of hospital usually used for the outcome measure symptoms (general hospital, hospital, clinic, or others). Furthermore, we included the Elixhauser comorbidity index as a measure of medical condition. This index comprises 31 categories of comorbid diseases [19] , and allowed us to control for certain critical medical conditions that would influence individuals' well-being, such as peptic ulcer disease, paralysis, peripheral vascular disorders, valvular disease, neurological disorders and rheumatoid arthritis/collagen disorders, metastatic cancer, obesity, alcohol abuse, and drug abuse (see Additional file 1).
Statistical analysis
We aggregated patients' medical records by month so that each patient had a maximum of 48 repeated measures (i.e., 4 years). We used t-tests to identify differences in the mean number monthly outpatient visits by patients' characteristics. We used a generalized estimating equation model to account for the longitudinal nature of the data and thereby ensure an appropriate analysis. Furthermore, we used an autoregressive covariance structure and a negative binomial distribution to account for the interrupted time series design and distribution of monthly outpatient visits in our data [20, 21] . All analyses were performed using the SAS software package (ver. 9.3; SAS Institute, Inc., Cary, NC).
Results
Study participants' general characteristics are listed in Table 1 . Of the 10,42,718patients, 49.8% were male and 39.24% were under 20 years old. Furthermore, 46.8% of patients were living in urban areas. Most patients 59.5% usually visited clinics for acute upper respiratory infections; 77% did so for dyspepsia and migraine. Table 2 For symptoms of dyspepsia, the mean number of monthly outpatient visits was fewer than acute upper respiratory infections, which was 0.0045. As with acute upper respiratory infections, female patients tended to have greater mean number of visits for dyspepsia, while Table 3 presents the interrupted time-series analysis of the effect of the over-the-counter medication policy. Each number in Table 3 present change of monthly outpatient visits for three separate symptoms. For acute upper respiratory infections, we observed a significant decreasing trend in monthly outpatient visits before the policy implementation (ß = −0.0003). After implementing the policy, we observed a prompt change in monthly outpatient visits (ß = 0.0026) but this was not statistically significant. Similarly, the trend after the policy was now increasing, but not to a significant degree. In summary, the monthly outpatient visits for acute upper respiratory infections showed a decreasing trend before the policy, and implementing the policy had no significant effect. For symptoms of dyspepsia, a significant increasing trend before the policy was observed(ß = −0.0101). While implementing the policy did not induce a significant prompt reduction in monthly outpatient visits, the decreasing trend after the policy was significant (ß = −0.007). Thus, the over-the-counter drug policy may have changed the trend in outpatient visits for dyspepsia.
For migraine, the trend before the policy was increasing (ß = 0.0057). After the policy implementation, we observed a prompt decrease in monthly outpatient visits (ß = −0.0314). However, there was no significant trend. Tables 4 and 5 presents subgroup analysis of interrupted time-series by income. Table 4 shows effect of the over-the-counter medication policy on low-income population, and Table 5 shows effect of the over-thecounter medication policy on high-income population. Total trend of the monthly outpatient visits in all symptoms were similar in both sub-population and statistically significant. In acute upper respiratory infections, there were prompt increase in monthly outpatient visits among low-income population after the intervention, but trend after intervention was decreasing and it was not statistically significant (Intervention: 0.0052; trend after intervention: −0.0002). In high-income population, prompt increase after intervention were smaller than low-income population, but trend after intervention was increasing but it was not statistically significant (Intervention: 0.0014; trend after intervention: 0.0004). In dyspepsia, monthly outpatient visits were decreased after the intervention in both sub-population, but only trend after intervention were statistically significant (Trend after intervention: −0.0066(low-income), −0.0078(high-income)). For migraine, there were prompt decrease in low-income population after the intervention and it was statistically significant (Intervention: −0.0801). Trend after intervention was increasing but it was not statistically significant. In high-income population, nothing was statistically significant. Figure 1 presents the unadjusted graph of outpatient visits for acute upper respiratory infections. Notably, the number of visits showed a decreasing trend before the intervention, but implementation of the policy led to a prompt increase in the number of visits. Figure 2 presents the unadjusted graph of outpatient visits for dyspepsia symptoms. Before the intervention, the number of outpatient visits showed an increasing trend. However, it began to noticeably decrease after implementation of the over-the-counter medication policy. Finally, Fig. 3 presents the number of outpatient visits for migraine. Although implementing the policy appears to have led to a prompt decrease in the number of visits, this number there after appeared to increase somewhat sharply. Figures 4, 5, 6, 7, 8, 9 presents the number of outpatient visits for acute upper respiratory infections, dyspepsia, and migraine among sub-population divided by income. Prompt effect of the policy was Table 5 Interrupted time series analysis of the effect of the over-the-counter drug policy on number of monthly outpatient visits for acute upper respiratory infections, dyspepsia, and migraine (High-income patients) different between high-income population and lowincome population, but the trend after intervention in prompt change after the policy, but the slope after intervention were similar in all sub-population.
Discussion
Utility is a general concept for measuring the value that individuals attach to the outcomes of various courses of action [22] . The population of the Republic of Korea demanded medical accessibility, and the government agreed that such accessibility had more value than others. As result, the policy permitting the sale of overthe-counter drugs at places outside the pharmacy was implemented. However, we must consider the tradeoffs of implementing this policy.
As noted in the Introduction, over-the-counter drugs have been studied in some detail. Qato et al. showed how, in the United States, there was a slight decrease in the prevalence of using over-the-counter drugsbetween2005 and2011;even so, over 35% of the entire nation's population still used these drugs in 2011 [23] . The high usage of over-the-counter drugs has led to identification of the myriad side effects of such drugs. For instance, Kogan et al. found that53.7% of sampled 3-year-old Fig. 1 Unadjusted graph of outpatient visits for acute upper respiratory infections Fig. 2 Unadjusted graph of outpatient visits for dyspepsia symptoms children had been given over-the-counter drugs that they should not have in the past 30 days [24] . Aside from the problem of misusing over-the-counter drugs, there is the problem of their being abused. According to Wazaify et al., "misuse" is defined as using an over-thecounter drug for an appropriate medical reason but in wrong doses or for a longer period than recommended [25] . In contrast, "abuse" is defined as using an over-thecounter drug for non-medical reasons such as losing weight or getting high. In Wazaify et al., almost 85% of participants thought that over-the-counter drugs could be abused.
Despite the potential adverse effects, misuse, and abuse of over-the-counter drugs, a policy permitting the sale such drugs at places outside of pharmacies would enable greater accessibility to medical treatment for low-severity diseases or symptoms. The goal of the present study was to evaluate the effect of this accessibility on outpatient visits. We found that acute upper respiratory infections had the most outpatient visits of any of the other conditions assessed. However, the over-the-counter drug policy did not significantly influence the number of visits for acute upper respiratory infections, and although the trend in outpatient visits tended to increase after implementing the policy, it was to a non-significant degree. One possible reason for this is that, although accessibility to drugs had increased after implementing the policy, the quality of medical services may have decreased because of the lack of prescriptions or physicians to provide advice on appropriate doses and recommended lengths of use, and to check patients' status.
In contrast, the numbers of outpatient visits for symptoms of dyspepsia and migraine were influenced by the over-the-counter drug policy. As shown in Fig. 2 , the slope of monthly outpatient visits for dyspepsia indicated an increasing trend before implementing the policy, after which it changed to a decreasing slope; the results of the interrupted time series analysis revealed the same trend. For symptoms of migraine, the number of monthly outpatient visits promptly decreased after implementing the policy, while the trend showed no significant difference between before and after the policy.
Overall, our findings suggest that the number of outpatient visits for symptoms of dyspepsia and migraine were influenced by the over-the-counter drug policy, while the number of visits for acute upper respiratory infections was not. However, the number of outpatient visits is but one of many ways to measure the effectiveness of the over-the-counter drug policy. As such, our results provide rather limited information on the overall effectiveness of the policy. For the same reason, although the over-thecounter drug policy did not have a dramatic effect on the number of outpatient visits, it would be unwise to conclude that it is not effective. We must consider the many other ways of measuring the effectiveness of the over-thecounter drug policy, especially changes in patients' quality of life. We might, for instance, consider the sleep quality of people suffering from the pain of dyspepsia and migraine but who choose not to go to the hospital.
Bradley et al. suggested that a future trend for medication could be "self-care." Once a physician has determined whether long-term or recurrent treatment is required, the treatment could be performed using over-the-counter medications at patients' request [26] . However, to make such self-care work and to minimize the adverse effects, misuse, and abuse of over-the-counter drugs, several factors must be kept under control. First, deregulation of over-the-counter medication should be done gradually and carefully. In the Republic of Korea, there are 13 products of 4 types of medicine that have been designated as over-the-counter drugs. Radical deregulations must be avoided to prevent an increased incidence of side effects of over-the-counter drugs. Second, education and labeling of over-the-counter drugs must be done properly. According to Degrootet al.'s study, mandatory labeling requirements have reduced the prevalence of misuse of over-the-counter cough and cold medicine among children 1-5 years old from 22.2% to 17.8% [27] . Thus, we might prevent misuse of drugs for children just by labeling them properly. Finally, collaborative care is required between doctors, pharmacists, and patients themselves [26] . Patients must know what type and dose of over-the-counter drugs they must take, which would require suitable education from doctors and pharmacists.
There are some limitations to our study. First, as noted above, this study is on how the policy influence the outpatient number only, and no other impacts of the policy is studied. Further studies are required such as whether this policy induce more drug abuse and whether this policy reduce prevalence rate of target diseases. Also, there could be other factors influencing outpatient visits and interact with the implementation of the policy that we could not exclude. These confounding factors may invalidate the attribution of changes in outpatient visits to the policy. Second, we only have data until 2013, so we could not determine the long-term effects of the over-the-counter drug policy. One year after-policy period is not long enough. Further studies are needed after more data has been collected. Third, we did not include any socioeconomic variables other than income, which could lead to a bias in our results. Finally, we did not have any information about the severity of acute upper respiratory infections, dyspepsia, or migraine, which could have influenced the number of outpatient visits and therefore lead to bias.
Nevertheless, our study possesses a number of strengths. First, to our knowledge, it is the first to investigate the actual effect of the Republic of Korea's over-the-counter drug policy on the population using an interrupted time series analysis. Second, because our data were sampled from the medical record data of the entire nation, our dataset can be nationally representative. Finally, we used a 5-year longitudinal dataset, therefore allowing for a highly accurate analysis.
Conclusion
The deregulation of the over-the-counter drug policy reduced the number of monthly outpatient visits for dyspepsia and migraine, but not for acute upper respiratory infections. To ensure that the over-the-counter drug policy is effective, further studies are needed and deregulation should be performed slowly and carefully. Furthermore, patient education and drug labeling should be done properly, and collaboration between physicians, pharmacists, and patients is needed.
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